METHOD FOR FABRICATING NANO DEVICES RACKGR.OUND 100011Integrated circuits (ICs)
comprising many tens of thousands of serniconductor devices including conventional complementary
metal-ozide semiconductor (C.N:10S) transistors are a. comerstone of modem microelectronic

systems. As the technologwipgieniereirte Aisrd S ANReNs R0 Heviieedic device requirements
become increasingly more stringent and CMOS transistors might not be able to accommodate to the

futuristic specifications. it has long been contemplated that a change of transistor's architecture will
come to address the current technology's limitations. 100021 The single electron tunneling transistor
(SET) is one of the potential novel devices winxchihgreesently received much at:Kt:Musa due to their
small size, unique device fitnetionality and. low power consumption. The SET typicauy transports

charges|ag00ss thensouicedteitbe dras Vet Mpnonsize-Sinale asaniith el (OR)niTheAReAIGNces

mechanism is based on the Coulomb blockade effect on a nano-scale conduction island which causes

strong suRRIEsSsieB At lanaslngiaras Witk ihe islandis disshidaed o sxactyine gharge.
100031 Typically SETs are fabricated by using lithoirraphy methods to define the QD follotythi by

reactivedeim&ighing (a0 foun the-caulomhdsiands. Howenesidhe sizespbibe oulombyislands

olatainable are greatly limited by the lithography process as well as the controllability of the chemical

vapor depasitiam(@MR)anddueRIErQthenfakricationdadmiasesthalinvalygesing dnaplantation into

S:02 encounter difficulties to ilace the implanted species accurately and precisely within the miniature

nano-wifesifetraigi0R4 dheronventianabsingle-@Prhased Sk siepistnapn slabitgymthe

Coulomb blockade effilct due ta the blinizable quantum mechanical co- tunneling Process. This res_ults
311 a higheeleakagaabd TeMdp stehndrvicassanetarysialifasmationdydmplantation of Siinto Si02

technology’s limitations.

[0002] The single electron tunneling transistor (SET) is one of the potential novel devices
which have recently received much attention due to their small size, unique device functionality
and low power consumption. The SET typically transports charges across the source to the drain
via nano-size single quantum dot (QD). The operation mechanism is based on the Coulomb
blockade effect on a nano-scale conduction island which causes strong suppression of the
tunneling charge until the island is discharged by exactly one charge.

[0003] Typically SETs are fabricated by using lithography methods to define the QD
followed by reactive ion etching (RIE) to form the Coulomb islands. However, the sizes of the
Coulomb islands obtainable are greatly limited by the lithography process as well as the
controllability of the chemical vapor deposition (CVD) and the RIE. Other fabrication
techniques that involve using implantation into SiO, encounter difficulties to place the implanted
species accurately and precisely within the miniature nano-wire structure.

[0004] The conventional single-QD-based SETs depict poor stability in the Coulomb
blockade effect due to the inevitable quantum mechanical co-tunneling process. This results in a
higher leakage current in such devices. Nano-crystal formation by implantation of Si into SiO,

was reported to require high implant dosages up to the order of 10" or 10"’ cm™ and subj ecting
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to qxtre_mely high annealing temperatures to acquire the nano-crystals formation. This contributes to
device integration concerns, furthermore, ion implantation of high dosages amounts to long duration of
manufacturing W%céh.a fects the throughput of the fabrication process. The location-pf the implanted
species G4 BB %‘?‘%ﬁﬂ&’&ﬁ?ﬁ?@%ﬁ% o, a[%qggg&%nr’lafﬁ%- riﬁﬁ%snr?ga{]l?nﬁ)?ér%glesrature of
nano-crystals formation SiO2 js undesirable for the advance technological nede as there. is need to
adopt afRBSIMYSA9Aades 18??859?88ﬁ%%?%fﬂ%rg%é‘@[ﬁ%%‘j‘fh‘?%e%%%%h o({/?eg%ﬁgcfsssa%%, these-"et for

gnt?%ﬂﬁvgéﬁhqrﬁé}jf@%fﬁsﬁ%ﬁﬂui{%fbﬁﬁfﬁjﬂ“ig@%ﬁﬁmﬁlﬁ%ﬁ%ﬁ atthe

faoricat i Fho-MIFOGTH AR LI ALI A SRS Ieb A My o D Ui IEd R etrod fr
S surtac eI Mo 0t OGNS SrCAmn S At B ATCr e
crystaling laver orming ene mere e i FOR delecisembstled il sndharelgngdis one o

more tin% ore oxidized nano-wires wi crystals within the core or

nano-wire In_another embodiment, the, method compris rovidi it f
crystallirigqgir o&élr‘ifg' é’tfﬁlg]rg QVS%E |%%Slgﬁﬁto?{€é?\§§l f&‘%@?%é%‘? f\lﬂtiﬁetégr syg%fgalcﬁésgr;zfjline
layer, forme or more Ao with FOR defects, smbedsisnithiae ¢liing e A0ecal e & iggemoving

the oxid&Hh e oneiorefins rm one or moré nano oxidizing the one or more nano -wires to form
one orfull idj -Wi [ - . . . .
aga%(sl‘g the %%?gm\gl{&gcwﬁ]e R as well as to site the implanted species at the designated

and desired location of the device.

SUMMARY
[0006] Embodiments relate to a method for fabricating nano-wires in nano-devices, and
more particularly to nano-device fabrication using end-of-range (EOR) defects.
[0007] In one embodiment, the method comprises providing a substrate with a surface
crystalline layer over the substrate, creating end-of-range (EOR) defects in the surface crystalline
layer, forming one or more fins with EOR defects embedded within and oxidizing the one or
more fins to form one or more fully oxidized nano-wires with nano-crystals within the core of
the nano-wire.
[0008] In another embodiment, the method comprises providing a substrate with a surface
crystalline layer over the substrate, creating end-of-range (EOR) defects in the surface crystalline
layer, forming one or more fins with EOR defects embedded within, oxidizing the one or more
fins, removing the oxide from the one or more fins to form one or more nano-wires and
oxidizing the one or more nano-wires to form one or more fully oxidized nano-wires with nano-

crystals within the core of the nano-wire.
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crystals within the core of the nano-wire, 100091These and other objects, along with advantages and
features of the present invention herein. disclosed., will become apparent through reference to the
following description and the accompanying drawings. Furthermore, it is to be understood that the

featuresiphépe variowsembedinenieRslibednar ainAte ALY Wallk EXsluRbe R RO

t
various combinations and permutations. BRIEF DESCRIPTION OF THE DRA INGS_[OOlOlIr) the
drawingge}ikie fefereRac FIrsaERIE SensEalYHRIRIHoBRSaMs MRMSIBRAHaReuL bR ifaraRL views.

Also, the drawings are not necessarily to scale, emphasis instead generally being placed upon

llustratingcieAHosialemefiae inuemianola the fellewinadeseintian. ramRosimers githe present

invention are described with reference to the following drawings, in which: 1001.1jFig. 1

showsmbaelimentff adeyira wilkia RRNRWEEIIARLRITigH23SHQUS & ShartGRuslaingdepihef FOR

defects vs. PA.. energy; [0013]Figs. 2b-c show side and cross-sectional views of various embodiments
of Nanound permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0011] Fig. 1 shows an embodiment of a device with a nano-wire;
[0012] Fig. 2a shows a chart correlating depth of EOR defects vs. PAI energy;
[0013] Figs. 2b-c show side and cross-sectional views of various embodiments of nano-
wires;
[0014] Figs.2d-f show alternative embodiments of nano-wire arrangements;
[0015] Figs. 3a-d show plan and side views of embodiments of devices incorporating nano-
wires;
[0016] Figs. 4a-i show cross-sectional and plan views of a process for forming a device with
a nano-wire;
[0017] Figs. 5a-b show cross-sectional and plan views of an alternative process for forming a
device with a nano-wire;
[0018] Figs. 6a-c show cross-sectional and plan views of an alternative process for forming a

device with nano-wires;



wires; 100141Figs.2d-f show alternative embodiments of nano-wire arrangemeats, 100151Figs. 3ii-d
show plan and side views of embodiments of devices incoworating nano- wires; [0016]Figs. 4a-i show
eross-seetional and plan views of a process for forming a devige with a nano- ire, [0017]Figs, 5a-b
show cﬂ@%%]ectioﬁ&?a?ﬁ‘bfgﬁ%gﬁ?ffﬁﬁﬁ% M&%Ybeé%%gﬁg? ?A??H?ﬁ%j"& Hre({?lgseL v%fhfanrl?éﬁ Fe:
[OOM]Figs. 6a-c show cross-sectional and plan views of an alternative process for fonning a device
with na sy\;ﬂ?égl;th nano-wires; an

[0020] Fig. 8 shows cross-sectional and plan views of yet another process for forming a

device with nano-wires.

DETAILED DESCRIPTION
[0021] Embodiments relate to nano-wires and methods of fabricating nano-wires. The nano-
wires can be employed in nano-devices or structures. In one embodiment, the nano-wires are
incorporated in a SET device. Such SET devices can be used to form ICs, such as voltage or
charge state logics. The devices can be incorporated into consumer electronic products, such as
single-electron spectroscopy, electrometers and memory, such as random access memory (RAM)
devices.
[0022] Fig. 1 shows an embodiment of a nano-structure 100. As shown, the nano-structure is
formed on a substrate 101. In one embodiment, the substrate comprises a crystalline-on-
insulator (COI) substrate. The substrate, for example, comprises a top or surface silicon layer
107 and a bulk silicon 103 with a buried oxide (BOX) 105 therebetween to form a silicon-on-
insulator (SOI) substrate. Alternatively, other types of crystalline materials, such as silicon
germanium may also be useful. The surface layer can be patterned to form first and second
contact regions 120 and 130. The contact regions, for example, comprise doped regions formed
on the surface silicon layer. In one embodiment, the doped regions can comprise first polarity
type dopants. The first polarity type dopants, for example, are p-type dopants. Alternatively, n-
type dopants are used to form the doped regions. Providing other types of contact regions may
also be useful. The contact regions, for example, may serve as source and drain pads of a SET.
[0023] Connecting the contact regions is a nano-wire 110. In one embodiment, the nano-
wire comprises an oxide support structure 113 containing nano-crystals or nano-clusters 115.

For example, a few nano-crystals may be clustered together. The support structure of the nano-
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[00191Figs. 7a-c show cross-sectional and plan "e vs of an alternative process for forming a device
with nano- 100201Fig. 8 shows cross-sectional and plan views of yet another process for forming a
device with nano-wires, DETAILED DESCRIPTION 10021]Embodiments relate to

nano-wiigseandyhathods edfabricatinginane-wiresahbe: N Wiresgamhe emalayad innang devices
or structures. In one embodiment, the nano-wires are in a SET device, Such SET devices can be used

to form KuppstGirasnyelaaeifs ehaideLiaiepaiss bENEAaYiqas aarobeyaGd Resetbini@,consumer

electronic products, such as single-electron spectroscopy, electrometers and memory, such as

random @egessdaeman i Alppdevwaestke022khignd ahows i ERrEimentaferirfcsrusbiie 100.
As shown, the nano-structure is foulied on a substrate 101. In one embodiment, the substrate

comprises i@ ehystalingnerin skl atdhd ¢ra-sides!iatee e sub sHatalsion e XanonieuEa RIS adap or
surface silicon layer 107 and a bulk silicon 103 with a buried oxide (BOX) 105 therebetween to form a

silicon-antassHatee4801) BrbalisierNigiNaivelynPnes Heas dhndivata ingdnatenalsnsselRgarmanium

may also be usethl. The surface layer can be patterned to foitit first and second contact regions 120

and 130cobhgriseNtactxagipnRs sfiasexapapledisRmphise JepacbrgiRnsissmnatanitiadwiice silicon
layer, In one embodiment, the doped regions can comprise first polarity type dopants. The first polarity
type dopaattsidRraley are pyrRefdopants. Alternatively, n-
[0024] In one embodiment, the nano-crystals are derived from end-of-range (EOR) defects
created from a pre-amorphization implant (PAI) process. The PAI process implants ions into a
crystalline substrate or layer. For example, the PAI implants silicon ions (Si*). Other types of
ions, such as Ge', may also be useful. The PAI renders the crystalline material amorphous.
EOR defects are located at the interface of the amorphous and crystalline materials. By selecting
the appropriate implant energy, the EOR defect depth can be precisely controlled in the
crystalline substrate or layer.
[0025] Fig. 2a shows experimental results correlating PAI energy of Si" ions and depth of
EOR. The experiment was conducted by implanting Si* ions in an SOI substrate in which the
surface crystalline layer is about 5000 A thick. The PAI dose is about 1 x 10'® cm™. As
indicated by the graph, depth of EOR defects increases with PAI energy. For example, the
higher the PAI energy, the deeper the EOR defects are from the surface of the crystalline layer.
By selecting the appropriate PAI energy, the EOR defects can be precisely located in a
crystalline material. This enables nano-crystals to be formed with uniform size and distribution
within the nano-wire.
[0026] The ability to uniformly distribute the nano-crystals with uniform size in the nano-
wire ensures the proper function of the device as the spatial distance between nano-crystals
should not be too far apart. In the event adjacent nano-crystals are too far apart, the device will

fail to function as a charge cannot transmit through the insulating SiO,. The charge transfer
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type dopants are used to form the doped regions. Providing other types of contact regions may also be
useful. The contact regions for ample, may serve as source and drain pads of a SET

[0023]Connect|n contact re |sa ano-) |re 0. In one embo |mentt wire
compns’é?%h?‘@fﬁ %Pbﬂ‘b?{‘%%g?ﬁ%ﬁ con a|n| ngﬁg"&r{} &s'or nano-al ers (lll-%r example,

a few nano- crystals may be clustered ogether. Th t st t th
cross-s&CHSARY S5 al‘ﬁ\?l ERANBHY: ge}aé%re céﬁecélrl}llp FrE]) ra%??%ri 3: b neoox}ﬁlr%eggﬁtr .

orm| g Support str
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structur %%0%8 8 ay al ave a unlﬁ)rm Ize rmi in diameter. In some

stances, e ol ARSI U AR Lters ey erghaRgRAl The g sl

crysta S com Ise, r examp n. Providing
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the nan rived from en range ects created from a pre-arnor izationt

(PAT) rocess. s EAT Riocess Imaanieions e A SRR RIS SRR glexample he

ICoN 1ons ypes |ons suc et may e usefu .c PAl renders

the crystallh]e mat ri eanririlorpho s FO éjr%‘;%& are Io?t{fkg?e 0%& E‘?ﬁ@&%@fﬁb‘%@s@é@rphous and

crystalli &R erla yse eapproprla |m an energy,t FOR ct depth can be

preC|ser ontr lle the cr stalll sub trat e ntal results
correlatlng BR ene/rgy ol}a§?¥r [ ng gn d§e6‘fﬁ ofli§ J‘#?gé%{é?rﬂé tﬁv%;;l%\séll 2‘8 §§£Q§ by implanting Si'

ions in uﬁ%T sgr%stlratea in \ﬁlh'%gggaen ungrallgel lﬁ g§é%&#e)fl%¥§%§ﬁtggghg%oglﬁgmgcﬁl JNEEAT dose is

about 1 X "Nsihdica e grap fects increases with PM energy. For

exampie, A hes the Roh eI, e dSeRgr e ROR delcetare adie Ay lore.ol the

crystalllnepfgyer Y se?e M) t e appropriat energy, the FOR defects can be precisely located

in & crySialing materil ERiS eARIES HANGSRSRIRARAPG EHTGRRSLL uniioamsis arhabstributon

'‘within the o- ere

wires. Referring to Fig. 2b, a nano-wire 110 is shown. Nano-crystals 113 are distributed in a
single row within the nano-wire. As shown in the cross section, the row of nano-crystals may
include a plurality of nano-crystals or nano-crystal clusters. Providing a row of single crystals or
a combination of single nano-crystals and nano-crystal clusters may also be useful.

[0029] In Fig. 2c, nano-crystals 113 are distributed in multiple rows 112;.,, whereinn is a
whole number. The nano-crystals are, for example, distributed in 3 rows. The nano-crystals
may also be distributed in other number of rows. The number of rows may depend on, for
example, the size of the support structure and nano-crystals. As shown in the cross section, the
row of nano-crystals may include a plurality of nano-crystals or nano-crystal clusters. Providing
a row of single crystals or a combination of single nano-crystals and nano-crystal clusters may
also be useful.

[0030] As shown in Fig. 1, a single nano-wire is coupled between the first and second
contact regions. In other embodiments, multiple nano-wires can be provided to increase current
flow between the contact regions. For example, first and second nano-wires 110; and 110, can

be arranged in a column in the y direction between first and second contact regions 120 and 130,
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[0026]The ability to uniformly distribute the nano-crystals with uniform size in. the nano- wire ensures
the proper function of the device as the spatial distance between ano-crystals should not be too far
apart. in the event adjacent nano-crystals are too far apart, the device will fail to function as a charge

cannot tigRBsHhti g vtherRs Wakind SilnihtsbaraedrRRsIabrBeahaRISIVEDYAUantm

mechanical tunneling. For example, when two quantum dots (nano-' crystals) are in close proximity,

the chargeaaaBnienneboviRRIRaHaHe AU MR SXIAR feRR BiRhINEINAAARRFRISIAS Byeiie

application ofThe flow and direction of flow can be controlled by, for example, applying he appropriate

bias voltagerhatwaonatbricemast fegioRsed 0087 1 Aniieserber RapR-eysials Agdgrived from EOR

defects. The use of EOR defects enables the nano-crystals to be precisely located at desired locations

of a devigclibaneiephodigiant tbeonarertivsialssie foomed frommubipleifidizng anyealng:
processes. Alternatively, the nano-crystals are formed using a single oxidizing annealing process.

Furthemuvies dimpiant grsagrsansl vieealinoveidiians 1o fetnclenaRdcstalsitians OXige support
structure are lower than those required to form conventional silicon nano-wires. 100281Figs. 2b-e

show d srehfRsSssecipnal FigwsrohvanoupRMPASIAIER $af MRNRraNEe 9s RefeTning 0 dfidasdh. a

nario-wire110 is shown. Nano-crystals 113 are distributed in a single row within the nano-wire. As

shown iy the crossnseetone Hheltipw fhmaneresYatalhdnaydnshade:amiyraliy ©f fayrercrysiats or
nano-crystal clusters. Providing a row of single crystals or a combination of single nano-crystals and

nano-crygipbelusigrsipayudgantsefited AR S1A 8 126 PRmartystals 113 are stributed in multiple

rows 1121,, wherein nis a
[0031] Fig. 3a shows plan and side views of a device incorporating a nano-wire 301. As

shown, the device comprises a transistor having a Poly-Si gate 321 formed between the source
pad 305 and drain pad 307 over the nano-wire structure 301. Fig. 3b is similar to Fig. 3a, but as
shown, instead of having only one nano-wire, the device has multiple nano-wires 303 arranged
in, for example, a row. Fig. 3c shows plan and side views of an alternative embodiment with
multiple nano-wires 325 arranged in, for example, a column between the drain and source pads.
As shown, the column includes twin nano-wires. Providing other number of nano-wires in a
column may also be useful.

[0032] In yet other embodiments, multiple rows and columns of nano-wires 330, as shown in
Fig. 3d, may also be utilized. For example, the multiple nano-wires may be arranged in a 2x2
matrix of nano-wires. Arranging the multiple nano-wires in other size matrices may also be
useful. For example, the multiple nano-wires may be arranged in a 2xm matrix. Increasing the
number of nano-wires, such as having multiple rows and/or columns of nano-wires, increases the
net effective drive current as well as improves device reliability.

[0033] Figs. 4a-g show cross-sectional (A) and plan (B) views of an embodiment of a
process 400 for forming a nano-wire. The cross-sectional view is taken along the axis y-y’.
Referring to Fig. 4a, a substrate 401 is provided. The substrate, in one embodiment, comprises a

COI substrate. A COI substrate includes a bulk crystalline layer 403 and a surface crystalline
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whole number. The nano-crystals are, for example, distributed in 3 rows. The nano-crystals may also
be distributed in other number of rows. The number of rows may depend ot ,f- - example, the size of

the support structure and nano-crystals. As shown in the cross sectign, the row of napo-crystals may
include R ANy arrystRy g atnetay e e ety %@\%f@ﬁ&@g ?ﬁg]ree%%

combination of sin#ée nano-crystals and nano-¢ryst I,cluz}ers mr%sfls be useful. OOSO%A? shown in
Fig. 1, S4Tfe FiaraLWiFe 4 B ¥ P UBRVSE A THAE TSR WE BMPC SHESER e 9IS HET (WRThE
embodiments, multiple nano -wires can be provided to increase currentlflow bet gen the contact

regions SEGEALARTHRCHAL SHENRC RGOV RomAREET ToIHRAT B R4 AL %5 PSRY L in a column in the

y direction between first and second coptact regions 120 and 130, as shown in Fig, 2d. The first and
second ¥R ire b Hortesedhiphsk atWh“ﬁQﬁ%%W@ fdh rﬁ‘él?ﬁt.rﬁ?oiﬁ\lgﬁgce T

ng more ﬁ1an two

nano-wires in the column directjon may, also, be useful. Alternatively, a plurality of. nano-wires 110"
where rﬁ‘?:t’aijé‘%‘i‘i‘&ﬁaﬁac’i% Do ATRE SRR Blet %ﬁ%@?i‘\éa‘ﬁgﬁﬁ%‘gnt%&sPé‘éi%%s 120 and

130, as shown in Fig. 2e, In yet other embgdiments, multiple nano-wires may be provided in both
column Eﬁ?&l}"&}beairg@l‘?oﬁ‘? 8t ?a?ﬁﬁ?é?%%tgt%ﬁ%eiﬁnﬁﬁg%gggrr%\%ﬁ?p ‘égl]r?%rocegsm i

o-Wires“may be arranged

as a 2x3 matrix of nano-wires. Amjnging, the, multiple nano-wires in other size.matrices may also be
oot 1A b DTS DS P GaR Pt B SR D SSP  p (HSTRr 3 ahows

plan and side views of a device incorporatjng.a nano-wire 3Q1. As shown, the device comprises a
transistoiPHERARY S %B‘W@Pﬁé%ecﬁﬁ? éqaet%ﬁ}\fggﬁ Q%rgbgi}cl:%sgacf% 5 ‘éﬁ%’%egég %07 over the
nano--wire structure 3%1..Fi 3b is similar to Fig. 3a, b%lt s sh wn, 'igstead of having only one
nano-wifEPHTE el %gf}}ﬁﬁ%%%{ﬁoqﬁ?gé’ %%??lén%gl in” for exa

or example, a row. Fig, 3c shows plan
and side views of an alternati(\j(ie embodiment with multigtl}f_ n

column B¥tRden tre APRROX R LOSFARMG (RS ORY Lottt éegl(?ﬁ%fri\rlw‘\’/ riler(?r? zcl?b%(?eg{[wglgre:g-&?r{eixggs:sinegl;;
o T ERSIE iSSP Tl boch, S S e e
D e 0060 AR 20 BACAS TR e RS 0 MUUP gt v
o eSSBS SR BT B0 L ST ST A e ©

patterned soft mask may be removed by, for example, an anisotropic etch such as reactive ion

etch (RIE).

[0036] In one embodiment, as shown in Fig. 4c, the substrate is processed to create end-of-

range (EOR) defects 422 in the surface crystalline layer. In one embodiment, the EOR defects

are created by a pre-amorphization implant (PAI). The PAI transforms \an upper or surface

portion 426 of the surface crystalline layer to an amorphous (o) layer. For example, the PAI

transforms the surface crystalline Si layer to an a-Si layer. A lower portion 427 of the surface

crystalline layer below the EOR defects remains crystalline in structure.

[0037] The PAI may implant various types of ions into the substrate. For example, the PAI

may implant Si* or Ge" ions into the surface crystalline layer. Implanting other types of ions or a

combination of different types of ions may also be useful. The parameters of the PAIl may be

tailored to produce EOR defects at the desired depth in the surface crystalline layer. In one



[0033]Figs. 4a-g show cross-sectional (A) and plan (13) views of an embodiment of a process 400 for
forming a nano-wire. The cross-sectional view is taken along the axis y-y'. Referring to Fig. 4a, a
substrate 401 is pmvided. The substrate, in one embodiment, comprises a Cal substrate. A COI

substrate ieluiesa tidkeRIRUMRAYORAAIRNI-8. L4 808G BiR NGy 6F AL L SeRAEdyran

insulating layer 405 referred to as a BOX. The bulk crystalline and surface crystalline layers may
comprisg,siligrp-2ideJPiMAn! substrate. Other types of crystalline matech as silicon germanium or
geltitanium may also be useful. 190341In Fig. 4b, a soft mask layer 480 is formed on the substrate

surface.[lp98)e emRQdiBeaboiesaft Magke PSRRI YSAEhHI fgmallmaskmawhe fymad by

spin on techniques. The soft mask is patterned to create an opening for selectively processing the

substratgRatie ninethesAtunasicar ReachicvethPYsSIaatialy &rapncil {9 @R BYRogurs.source

with a photomask containing the desired pattern. The soft mask is developed after exposure,

transferqggshe PRYesR Al she BbolpMaskdadhe aeftipaski0BBR HTRMRIQYS litfhographic resolution,

an anti-reflective coating (ARC) layer (not shown) may be provided below the soft mask. The ARC, for

exampleipayikeA) QEIARC Qblnarganier R IHher &y rssafi Edﬁ%@f%él%%@%ﬁé%%ﬁa@?ﬁseful-

Various techniques, such as CVD or spin on, may be employed to form the ARC. The portion of the

ARC expesied &dydhepatierabeait maste My ReAEPRIOVEAHVE R @XaRIgURNSAIGRIG £tch such

as reactive 'on etch (RIE). 100361In one embodiment, as shown in Fig. 4c, the substrate is processed

to create gsothEaRIREQRREIsTeRtSHARZ It sbuface sysialline iRyer s onesmBatlimentithe
R

FOR defects are created by a pre-amorphizatioimplant (PAIl). The PAI transforms an upper or surface

portion ﬁ?@%&%&u@m&y&@ﬁ%@yﬁrﬁwﬁa@mgime%i(@a l@e b TRs EHPAPRIE RS O EOR

transforms the surface crystalline Si layer to an a-Si Tayer. A lower portion 427 of the surface

crystalligefiaye el the-ERB defestsaapinsatyataling i stricisg- 10987dhe RAI ay igpiant
various types of ions into the substrate. For example, the PAI
2. The PAI energy determines the depth of EOR defects. In one embodiment, the PAI dose and
energy are selected to avoid fully amorphizing the crystalline layer. In one embodiment, the PAI
dose and energy are selected to avoid fully amorphizing the surface crystalline layer of the COI
substrate.
[0039] Referring to Fig. 4d, the soft mask 480 may be removed. After removal, the substrate
is subjected to an anneal to recrystallize the a-Si layer to form a crystalline layer 428. The
anneal, for example, comprises a rapid thermal annealing (RTA). Other annealing process, for
example, spike annealing, laser annealing or flash annealing may also be used. The anneal
should have a sufficiently low thermal budget to reduce or avoid excessive dissolution of EOR
defects. The anneal also stabilizes the defects which reduces their susceptibility to dissolution by
further thermal processes. In one embodiment, the anneal comprises a low temperature RTA.
Performing an anneal while maintaining a sufficiently low thermal budget using other
parameters may also be useful.
[0040] A mask 482 is formed over the substrate. The mask may comprise a hard mask layer

which can be a silicon oxide or silicon nitride layer. Other types of hard mask materials or

masks may also be useful. For example, the mask may comprise photoresist. The hard mask
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may implant Si+ or GeF ions into the surface crystalline layer. Implanting other types of ions or a
combination of different types of ions may also be useful. The parameters of the PAL may be tailored

to produce EOR defects at the desired depth in the surf%cfe crystalline Ia%/ r.In one mbodiment, the
locationtBRYHAEE R TRRTS SOt idoms ah & Ao m 15t S P P O GFHRE YR SRS

0-Wire to be
formed. [0038lin one embodiment, the dose of the implagt shoul% be SLgfjcien to fgém nano-crystals
with theRESERBY i SRISHRSHRLS IROHEONRE. PHIMSBIRAT Y- BFrRESS AL RYSHRSSHOR R ct density.

For example, the higher the dose, the higher the FOR defect density. In on bodiment, the dose
should BOSiIRAS MG GH BCROTRISRYINE SREHBTIE G & 9&3%@%&%@%@&%&12@%@ SS&desirable. For

example, some FOR defects may dissolve due to various thermal processes of the fabricati
processPEAA G SARYT & A RIS tY: tﬁ&f’fﬂﬁhﬁ@tﬁ&ﬂ‘g?ﬁf Oﬁll o :%g’ﬁoapglrlf/agt%ag’ Having
the desired distribution in_spite of loss of FOR defects durjn rocefsin?. In o&ﬁﬁmbod' t, the PAI
dose is HOFEROPEEBABH IR SHED #hEBAI e‘itﬁb épfg?r%iﬁlés? Retepth 6F [Eﬁ?ﬁgg?ects. In

e ae

one embodiment, the PAI dose and energy are selected to avoid full rphizing the crystalline layer.
In one eHSHtmEReIHEERHBEY-4h8 EFRGT 8 g@lgﬁf’e‘)&%og\r}g?g%%/r%a?r%%ar%%lszgﬁ]oé%%ygsu rface

crystalline layer of the COl substrate, 1 OBQﬁeferrin to Fig. 4d ft mask 480 be removed.
After rerfeaPselsissiilte e mEReh e Qﬁﬁgﬁg%Yebcg}ﬁgf)&fﬁ%@%% a-Si Ig%}%n}%rﬁ%aog}%tanine
layer 428 The anneal, fog example, comprises a rapid thermal annealing (RTA). Other annealing
process BIEELAMHBI%AIRR 2HHESihg, laser annealing or flash annealing may also be used. The

el o] P e o e bucee shes r et sne e oo gl <O
e SRR e b T R R
LT T e T e e
may als%o?%)lijasfggfé, Eg&%ﬁ‘é? Fc):lr%sttarl] e aﬁ'&t&%&%@&&%&n‘ﬂﬂ?&%{gﬂs&é%@% hasd 6%%&ing the fin

is achieved by subjecting the substrate to an anneal in an oxidizing ambient. In one embodiment,

a furnace anneal is employed. Other types of anneals may also be useful. In one embodiment,

the anneal is performed at a temperature of about 1100 °C for about 5 hours in an oxidizing

ambient. Forming the nano-wire core may also form a thin oxide layer in other parts of the

crystalline layer exposed by the removal of the mask, for example, the pad regions.

[0042] In one embodiment, the oxide is removed selective to the crystalline material. For

example, the oxide surrounding the nano-wire core and on the surface of the crystalline material

of the substrate is removed. The oxide is removed by, for example, an etch. The etch, in one

embodiment, comprises a wet etch. Other types of etch which can selectively remove the oxide

surrounding the nano-wire core and on the surface of the crystalline substrate may also be useful.

[0043] Removing the oxidized portions of the post or fin forms a nano-wire 455 coupled

with the remaining portions of the surface crystalline layer 407, as shown in Fig. 4g. For

example, the nano-wire is coupled to the pad regions. The substrate, in one embodiment, is

annealed to transform the EOR defects into nano-crystals or clusters, as shown in Fig. 4h. For
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may facilitate a more conformal d all etching. I'he mask is patterned to selectively expose portions of
the substrate to be removed. In one embodimentmask is patterned to expose portions of the surface
crystalline layer having FOR defects to be removed. The exposed portions are removed, as shown in

Fig. 4e. Ramprakié thaQXpRRadpatNEeAMAR ASHEVSEE RYIoIRT £Xa5pBIes@ianisattopic etch, such
as RTE. The etch forms a tin or post 450 having FOR defects. In one embodiment, the etch forms a fin

or post eepggies ndi R serABRANIRAIIRSAA0 BNHAMD pThaWidiof the finarnRRskRay be

about 20-30 urn. Forming tins of other dimensions may also be useful. 100411As shown in Fig. 4f, the

-fin or past 4bkis exislzrds IhedirdsiRddigedialtey semevel oftbethasd spaskdavgra¥igizing the fin,

in one embodiment, forms a crystalline nano-wire core 452. In another example, oxidizing the fin forms

a silicorpRanes i sRiershgynanobyiisfar. exagplge AamRIises rysialing smatetdiSiasrounding
FOR defects 422. Oxidizin the fin is achieved by subjecting the substrate to an anneal in an oxidizing

ambientsuifRRe MO HERE padGe@pnealisenmplovad -f@ma%@&ﬁf@eaqglﬁmwﬁ;ﬁﬁ? aggtul. In

one embodiment, the anneal is performed at a temperature of about 1100C for about 5 hours in an

oxidizingigmbigni:cdarmingutivh N @BV IRy Fsedeiviadie axidedaxemiin athenrams of the
crystalline layer exposed by the removal of the mask, for example, the pad regi [00421In one
embodimgifb] the oxide is removed selective to the wystal ne material. For example, the oxide
surrounding the nano-wire core and on the surface of the crystalline material of the substrate is

removeqo(4ag oxidenispnayedhiiey, exeerpigpleNStEmihSEIchTiR pae RBbRdimestasRIRpPrises a

wet etch. Other types of etch which can selectively remove the oxide surrounding the nano-wire core

and on thevsuifacaretinaiarsialine fubsiateomauplse hethsafine 1004 3TRemavnghrg sddized

portions of the post or fin forms a nano-wire 455 coupled with the remaining portions of the surface
crystallipedgisariOihcasshows.in Fig. 4g. For example, the nano-wire is coupled to the pad regions.
The substrate, in one embodiment, is annealed to transform the FOR defects into nano-crystals or
clustersjogaShowrirFidg4#a. dae¥ layer is deposited on the substrate. The gate layer, for example,
comprises polysilicon. Other types of gate material, such as a metal gate, may also be useful.
The gate layer, for example, can be formed by chemical vapor deposition (CVD). Other
techniques may also be useful. The gate layer, for example is about 1300 A. The gate layer is
patterned to form a gate 440. The gate, as shown, comprises a T-shaped gate. Providing a gate
with other shapes may also be useful. Patterning of the gate may be achieved using, for
example, an anisotropic etch such as a RIE selective to oxide. The gate is separated from the
source/drain regions and covers the nano-wire.
[0046] In one embodiment, the pad regions are doped with dopants of a first polarity type to
form source/drain regions of the SET. The first polarity type may comprise a p-type for a PMOS
SET or an n-type for a NMOS SET. For example, p-type dopants may comprise boron (B) while
n-type dopants may comprise phosphorus (P) and/or arsenic (As). The contact pads may be
doped after the gate has been patterned. Doping the contact pads at other stage of processing may

also be useful. Selectively doping the contact pads may be achieved using, for example, an

implant mask. The doping of the pads and gate is compatible to current CMOS processes.
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example, the anneal oxidizes the silicon nano-wire core to tbrm a support structure and crystallizes the
EOR defects to form nano-crystals in he upport structure, in one embodiment, the anneal comprise- an
anneal in an oxidizing ambient. Other types of anneal or anneali rocglgéé)aramfters may ajso be
useful. TH¥ZhneatsespaIsdhasingsih SXRIQHTH 18@?#8’3&&‘%8 SHRE OF NS pAegidne The
thin oxide film may be removed by, for example, a fast dip jn diluted, 14F solution. Other tec{;uniques for
removirR] SESHRTR Badmviray SISy G R T 18 084l PI L BIRSU BN 880 %o BRI o fortn a
SET. The pad relfions, for example, serve as source/d%\?in region of a transiﬁtor Eou;ixlg(filob the
nano-wiTasevtih Al QFE Bt pla Ry thE R RS (ﬁfﬁmsf—r@? 19 Rite1ayer 18 deposited
on the substrate. The gate layer; for i"xample, gfrgfises ofl%silicoi .ﬁOther types oL aig %z%lterial, such
as a metlgater BN, gl et | OSSR AL REHOR D B RS Lal vapor

deposition (CVD). Other techniques may also be usefyl. T te layer, for ex le.is.about 1300 A.
The gatBY RS R SO %ﬁfuﬁm’f‘ﬁéuﬂi’l‘g, %?%i&%éég%%s’lbsr %%%%h%gd gate.
Providing a gate with, other shapes may also _be yseful. Patterning of the teﬁ‘ﬁif achieved using,
for exarf?kﬁ@,r%fﬁ BAKBIRSHRE St %ﬂéﬂr@é%a"m% @ﬁg&ﬁ\? gxite’ ﬁ}%b%cg?g‘% sepaér)%l(:fteec “from the

source/drain retgéons and cov -rs the nano-wir. 0461In g%g%gbbodlme Eh]%hl% }%?d,fﬁgl%lr%%ge doped

with dopAReYs HFF&%BMW%&%&%W@E%E i IS fhé hefirst polarity type may
ol T et A A R B e R G
of roccHET P ASSHB 6-Etch SRV PEORTRET NS CORAEL BT ey S e vsing, for
o, sk v Con 9 1 e SCOTERI B U S

erformed to form a singie row o

nano-crystals or clusters in a nano-wire, as illustrated in Fig. 2b, In other emb égll a,hap fwire
may be FSRRSRGRG & Pﬁﬁhfp %8W§?§Fh%%?§fsfglge(r)§)§ﬁ% etrosrg%rﬁfﬁ%@% eg in @lg. 566 form
multiple rows ofnano-crys é T}Iurality of PAT processes are performed. For example, for n number
of rows %ﬁ%&?&%@%ﬁ s{}gé) &% number of PAT processes is perfoioied, The different PAI

e e R TSR R b e e
e B R R A e e e
nano-Cr%‘g?rllsE%ROHé?éc(gsisﬁlgc‘?I%(iasp?(l)%%sg%%Jrlltilrpugsnﬁl a similar manner as described in Figs. 4d-i,
except for the patterning to form the post.
[0049] Figs. 6a-c show cross-sectional (A) and plan (B) views of an embodiment of a
process 400 for forming multiple nano-wires. As shown, a substrate 401 is at the stage of
processing similar to that described in Fig. 4d. For example, the surface crystalline layer 407
includes EOR defects 422. A mask 482 is formed over the surface crystalline layer and
patterned to selectively expose portions for removal.
[0050] Referring to Fig. 6b, an anisotropic etch, such as an RIE is performed to remove
exposed portions of the surface crystalline layer, leaving a plurality of posts 450;.,. As shown,
two posts 450, remain after the RIE. The process continues in a similar manner as described in
Figs. 4f-h to produce first and second nano-wires 455:., coupled to first and second contact

regions 420 and 430, as shown in Fig. 6¢c. The nano-wires are arranged in a row format. The
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embodiment, after each PAI process, anal is performed to recrystallize amorphous material and to
stabilize the FOR defects. [0048]in an alternative embodiment, as shown in Figs. 5a-b, the substrate
may be patterned to form a fin 450 using a mask 482 prior to pctfthrming a PAI using a soft or implant

mask 430, JOF FQRHRIRNS 462N eRIPEPSS GMRIES T & STV MAINGr PRARSEUREH B Figs.

4d-i, except for the patterning to form the post. 100491Figs. 6a-e show cross-sectional (A) and plan

Bviews @f AR:aB1ARINaRLh & BISSEMARR, TRT AQFa MUHR!G RIS A B, feHistrate 401

is at the stage of processing similar to that described in Fig. 4d. For example, thé surface crystalline

layer 407 dnchidas ERRAefeeitAndin RaskABRdsiormereuaidismutiaesishystaliine layer and

patterned to selectively expose portions for removal, [00501Referring to Fig, 61), an anisomopie etch,

such as;gsREE ig:parfesmedde @8@9&%&%@& RREIBNR PBIRG Y EH SrwiatinR dpyeh leaving a

plurality of posts 450. As shown, two posts 4501.2 remain alter the RIE. The process contirues in a

similar maRRer A% 465 ESIAGH Ihft@R 14 hihiR PIRAUGE IR d SE60RM NanPiiFeRdRad. 5 FOUPled to

first and second contact regions 420 and 430, as shown in Fig. 6¢. The nano-wires are arranged in a

row forrajeckbi oRiasess: than crBtinvesiinMsSinilar spaRnan RS deserbed W Figudttafera SET

having a row of two nano--wires. In other embodiments, m number of nano-vires may be arranged in

a row by, {9naug BOR AERBBEeh Pasis LONGRRaRNINEHIR RpH $2¢R0d ORIACL &IPS ayer.

A mask 480, which serves as an implant mask for the PAI remains over the surface of the
crystalline layer. After the PAI process, an anneal is performed to stabilize the EOR defects and
recrystallize the amorphous material.

[0052] Referring to Fig. 7b, a second PALI is performed to create a second band of EOR
defects 422, at a second depth in the surface crystalline layer which is shallower than the first
depth. The PAI implant forms an amorphous layer 426 above the band of EOR defects. An
anneal is performed to recrystallize the amorphous material and to stabilize the second band of
EOR defects. The process continues in a similar manner as described in Fig. 4d-4h to produce
two nano-wires 455,.; coupled to first and second contact regions 420 and 430, as shown in Fig.
7c. The nano-wires are arranged in a column format. The process then continues in a similar
manner as described in Fig. 4i to form a SET having twin nano-wires arranged in column in the y
direction. In other embodiments, the column may include other number of nano-wires.

[0053] The column of nano-wires can be formed by, for example, the use of a tall fin
structure. The height to the width ratio of the fin structure may be greater than or equal to about
2:1. In one embodiment, the height to width ratio of the fin structure may be greater than or
equal to 2:1 for a twin nano-wire column arrangement.

[0054] In other embodiments, the process of Figs. 6a-c and Figs. 7a-c may be combined to
form a matrix of nano-wires, for example, as described in Fig. 3d. While Fig. 3d shows 2

horizontal and 2 vertically stacked nano-wires, it should be understood that multiple horizontal
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[00511Figs. 7a-c show cross-sectional (A) and plan (13) views of an embodiment of a process 400 for
forming multiple nano-wires. As shown, a substrate 401 is at the stage of processing similar to that
described in Fig. 4d. For example, the surface crystalline layer 407 includes FOR defects 422. The
FOR demeefs‘a@%@%#é:tw;mglaﬁm%Fh&c’eva%t%llwr%aﬂsf&w&ig%ﬂsﬁwhﬂ%%& & as an
implant mask for the PAI remains over the surface of the crystalline layer. After. the PAI. roge%s an
anneal rpessrhRidtesstfizedre-eory fergadibad %E@Q&ﬂfz‘é‘%‘é%ﬁ%é’r‘iﬂ%ﬁggﬁﬁfeﬁgét a-b.
[0052]Referring to Fig. 7b, a second PAL is performed to create a second band of FOR defects 4222
at a secBfgiism FRERQURIELE ARLES ﬁéﬁ%@%wm%ﬁlﬁglﬁféﬂ%mgﬂl?ﬁg‘ﬁﬁ B CPRE B AL
implant forms an amorphous layer 426 above the band of FOR defecis, An anneal is, performed to
recrystafiZAUHE b ARG ML AN Qi Bt Re eSS ab‘é'ﬁ%f‘b?ﬁ Gere R IebtBiGess
continues in a similar manner as described in Fig. 4d-4h to produce two nang-wires 455 coupled to
first ancdFRESHARBHEAXE Y BAY R HeEhRY M LIRIFRIM P pSESses: T?ﬁ%eﬁgﬁ@-\)s/ PHE M ANged in a
colutnn format, The process then continues in a similar man,liir a desq{gié)ed E Eg 4i tc% form a SET
having fARCAR Q@S ihtrseyHalors s AMPeRYR SiSHA AR FHBOH R s may
include other number of nano-wires. [0053]The column of nano-wires can be formed by, for exa wit,
the use BOR3hI1 finf&g-Goalry syt Ao ERediment Popa?‘iﬁ%*%,gjﬂ{]@HPé%Sﬁ‘%‘é"g%é%“rJ\ an or
equal to about 2:1, In one embodiment, the height to width ratio of the fin.structyre may be greater
than or SBRMNG subsipts Ainihahbsmise %C%?g%sém]é?ﬁ.t‘fd%%t ??‘aﬁ‘?é:“éﬁﬁorg ents, the
process of Figs. 6a-c and Figs. 7a-¢c may be combined to for(rr;) a matrix%éﬂalgo-wi{(eséggrtoexample, as
tacke

describ& HPiG, TR S ERBRedAYH I3 RSP SRS (A ERSS kY

PERG-Wires. it should be
understood. that multiple horizontal nano- |restEouId be combined with t 2ve{t{galll}astabc ﬁd

nano-wiPECEL IR SHTIAE hes g&‘&é@%%r £7 K9 tBS ROSS RSP ATALP B&%m ORI S arénanner as

et 132 RO Aor e B BRI By PRI O TR B Q' Bt Mgty
the defects and to recrystallize amorphous material. The post may be formed before or after the
PAI process.
[0056] In one embodiment, the post comprises a dimension which is about or substantially
equal to the size of the nano-wire. For example, the height and width of the post is about 20-30
nm. For example, the surface crystalline layer may be formed with a height equal to about the
size of the nano-wire. In the case of a COI substrate, the surface crystalline layer may be thinned
to a height equal to about the size of the nano-wire. Providing a post equal to about the size of
the nano-wire facilitates forming the nano-wire using a single oxidizing anneal to form the oxide
support structure and nano-crystals or clusters. After the nano-wire is formed, the process
continues as described in, for example, Figs. 4h-i to form a SET.
[0057] In other embodiments, the process of Fig. 8 may be changed to form multiple nano-
wires arranged in a row format, similar to that described in Figs. 6a-c. Furthermore, the process

of Fig. 8 may be selected to form a single row or multiple rows of nano-crystals or clusters in a

nano-wire. A single row of nano-crystals may be derived by a single PAI process while multiple
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or clusters. A single row of nano-crystals may be derived by a single PAI process while multiple rows
of nano-crystals may be derived by multiple PAI processes. After each PAI process, an anneal is
performed to recrystallize the amorphous material and to stabilize the EOR defects. [9055]Fig. 8

shows ygﬂ'@ﬁ%ﬁ@%@@ﬁi@ﬁ@&@feﬂi@f%ﬁ?%ﬁﬂé@ﬂﬂEH)@eEL%@?‘)Q’R@r £ 10402 SHbsiRaLe 401

is at the stage of processing similar to that described in Fig. 4e. For example, a surface crystalline

layer hag begprRaitenRd R falRARCIHIRMAIRRELS A QRSN theSHERCG pLYtalline layer to
form the post has been removed. The post includes EOR defects 422. The EOR defects are formed by

a PAI progass follomeddawanaangabisiabiies ihsmafestsianddpdeqmialias,amamhors faterial.

The post any be fonited before or after the PAI process. 190561In one embodiment, the post

comprisgsia dirassion whieh is Aheytik subsinatislBaALIn Uansias ALEWire, Fosexample, the

height and width of the post is about 20-30 tun. For example, the surface crystalline layer may be

formed witisadigioit A0HABIR RROUYEHE rfamrthﬁrnﬁﬂﬁﬁﬁg%n&b&lﬁaﬁ%&ﬁ&@héfé@&.tfsk%%we

surface crystalline layer may be thinned to a height equal to about the size of the nano-wire. Providing

a post egluakthabaiihesizefithendanviss faciiates torrungtheRacaiigsinglgLxidizing anneal

to form the oxide support structure and nano-crystais or clusters. After the nano-wire is formed, the

processdeantipti6s, aaciaseHhetithiReXRMAIRIIGS nttarilR; It s pEdf dRRAdIRYPHRBRe claims

embodiments, the process of Fig 8 may be changed to form multiple hano- wires arranged in a row
format, sinilaedadhas desarihgekintrigsinba-c. Furtheunore, the process of Fie. 8 may be selected to
form a single row or multiple rows of nano-crystals or clusters in a nano-wire. A single row of
nano-crystals may be derived by a single PAL process while multiple rows of nano-crystals may be
derived by liluitiple PA! processes. After a PAI process, an. anneal is performed to recrystallize the
amorphous material and to stabilize the EOR defects, 100581The invention. may be embodied. in
other specific thrifts without departing from the
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spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be considered
in all respects illustrative rather than limiting the invention described herein. Scope of the invention is
thus indicated by the appended claims rather than by the foregoing description, and all changes that
come within the meaning and range of equivalency of the claims are intended to be embraced therein.
What is aiaivatasl dkibdIBIS 1. A method for fabricating a semiconductor device comprising: providing
a substrate with a surface crystalline layer over the substrate; creating end-of-range (EOR) defects in
the surface crystalline layer; forming one or moredfinsimigh the EOR defects embedded within; and
oxidizing the one or more fins to form one or more nano-wires, wherein the EOR defects are
transfornied inta\naabazt Ystefisbviddting hesenieontitheonaseiorivemitisime method of claim 1 wherein

creating EOR defects comprises: performing a pre-amorphization implant (PAT) on the surface
crystalline layerpi@idimgeansabsorpbovithsilitofateyeysthivive thgesodackesyskattite layer; and
creating end-of-range (EOR) defects in the surface crystalline layer;
forming one or more fins with the EOR defects embedded within; and

oxidizing the one or more fins to form one or more nano-wires, wherein the EOR defects

are transformed into nano-crystals within the core of the nano-wires.

2. The method of claim 1 wherein creating EOR defects comprises:

performing a pre-amorphization implant (PAI) on the surface crystalline layer to form an
amorphous silicon layer above the surface crystalline layer; and

annealing the substrate to recrystallize the amorphous silicon layer as well as form EOR

defects.

3. The method of claim 2, wherein the PAI implants Si+ or Ge+ ions at a dose from 1 x 10%°
cm2to 1 x 10" cm2 into the surface crystalline layer and is performed at different energy levels

to form EOR defects at different depths from the top of the surface crystalline layer.

4. The method of claim 2, wherein the PAI and annealing steps are repeatedly performed
one after the other at different depths from the top of the surface crystalline layer for 2 or more
times to form multiple levels of EOR defects thereby resulting in twin or multiple defect layered

nano-wires.
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annealing the substrate to recrystallize the amorphous silicon layer as well as form EOR defects. 3.
The method of claim 2, wherein the PAT implants Si+ or Ge+ ions at a dose from 1 x 1015 cm2 to 1 x
1017 cm into the surface crystalline layer and is performed at different energy levels to form EOR
defects at different depths from the top of the surface crystalline layer. 4. The method of claim 2,

wherein e PATRansealicthstepsvaig depbaeAlyaparioragihgor gftae the foihesdadrdifiexenhelepths
from the top of the surface crystalline layer for 2 or more times to form multiple levels of EOR defects

thereby rewpgltingliffdveint aepthstie dedach ey eresunane smeeslie [Rher foethoiches aldivm? awkierein the
PAT and annealing steps are performed one after the other at different depths from the top of the
surface ayshialing hayenidreg. times to form a twin column of nano-wires. 6. The method of claim 1
wherein the one or more fins is formed before the EOR defects are created. 7. The method of claim 1
wherein forming the one or more fins comprises: depositing a hard mask layer to selectively expose
portions of the substrate to be removed; etching the exposed portions to form one or more fins; and
removingthe hardemashodyé ;laviretevhéhed ugrgmebihadrafingiz fk@alensforetin @eRakfeonal
sidewall etching. 8. The method of claim 2 wherein a soft mask with an anti-reflective coating beneath
it is formert gredtediterned on the substrate surface before EOR defects are created in the surface
crystalline layer. 9. The method of claim 8 wherein the soft mask is removed before the substrate is
annealed to recrystallize the amorphous silicon layer as well as form EOR defects, wherein the anneal
is a low temperature anneal and serves to stabilize the EOR defects by increasing the defects'
resistancé and dissotetianl stadidity. 1 wherein forming the one or more fins comprises:

depositing a hard mask layer to selectively expose portions of the substrate to be

removed,;
etching the exposed portions to form one or more fins; and
removing the hard mask layer, wherein the usage of the hard mask allows for a more

conformal sidewall etching.

8. The method of claim 2 wherein a soft mask with an anti-reflective coating beneath it is
formed and patterned on the substrate surface before EOR defects are created in the surface

crystalline layer.

9. The method of claim 8 wherein the soft mask is removed before the substrate is annealed
to recrystallize the amorphous silicon layer as well as form EOR defects, wherein the anneal is a
low temperature anneal and serves to stabilize the EOR defects by increasing the defects’

resistance and dissolution stability.

10.  The method of claim 1 wherein oxidation is achieved by subjecting the one or more fins

to an anneal in an oxidizing ambient at the temperature of 1100 °C for 5 hours.
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10. The method of claim 1 wherein oxidation is achieved by subjecting the one or more fins to an
anneal in an oxidizing ambient at the temperature of 1100 C for 5 hours. 17 11. A method for
fabricating a semiconductor device comprising: providing a substrate with a surface crystalline layer
over the substrate; creating end-of-range (EOR) defects in the surface crystalline layer; forming one or
more fins with the EOR defects embedded within; oxidizing the one or more fins; removing the oxide
from the one or more fins to form one or more nano-wires; and oxidizing the one or more nano-wires to

form onelar moye mathedvioe sabvivatizig drerhicir diefeciseaiecteangiasingd into nano-crystals within the
core of the nano-wires. 12. The method of claim 11 wherein the oxide is removed from the one or

more fins and appavidegjasusitrgtawie etehfadScri/salieshagdobwdaiime kdbshergin the surface
crystalline layer is patterned using a hard mask layer to form in the pad region a first and second
contact pads casrpégichdpyrithefrmgeNFOR) defects in the surface crystalline layer;

forming one or more fins with the EOR defects embedded within;

oxidizing the one or more fins;

removing the oxide from the one or more fins to form one or more nano-wires; and

oxidizing the one or more nano-wires to form one or more nano-wires, wherein the EOR

defects are transformed into nano-crystals within the core of the nano-wires.

12. The method of claim 11 wherein the oxide is removed from the one or more fins and a

pad region using a wet etch.

13.  The method of claim 12 wherein the surface crystalline layer is patterned using a hard

mask layer to form in the pad region a first and second contact pads coupled by the nano-wire.

14.  The method of claim 13 wherein a gate layer is further deposited on the substrate and
patterned to form a gate that is separated from the first and second contact pads and covers the

nano-wire, wherein the gate layer is about 1300 A.

15.  The method of claim 14 wherein the contact pads are doped when the gate is being

formed, wherein the nano-wire covered by the gate serves as a channel of a SET.

16.  The method of claim 11 wherein creating EOR defects comprises:
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14. The method of claim 13 wherein a gate layer is further deposited on the substrate and patterned to
form a gate that is separated from the first and second contact pads and covers the nano-wire,
wherein the gate layer is about 1300 A. 15. The method of claim 14 wherein the contact pads are
doped when the gate is being formed, wherein the nano-wire covered by the gate serves as a channel

of a SET. 16. Therfoatling ®palaimotghivheosimeskatiiaAlPd defeatsacompsiatisd ByeitbZintodhe
surface crystalline layer and may be performed at different energy levels to form EOR defects at

different glepthrduerilibenttyyaf dbevauhiacer iystaylita liagdayet7arkhe method of claim 16, wherein the
PAT and annealing steps may be performed one after the other at different depths from the top of the

surface crystalligentayiegforeubistratadirnes saftirntnewtinimhevelsiitdnddy aefeats the feby ESRIting in
twin or multiple defect layered nano-wires. 18. The method of claim 16 wherein the PAT does not fully

amorphizefiwsentiresintisceArysipling Biyesr GOt Tdne anathigh dbsdeironi 6 whetaimthe Jubstdte may
be patterned to form one or more fins using a hard mask prior to performing a PAT using a soft mask

to form EMR hedabtssuPacd beystadtinedaytckaithndy whereioreddati differactheavryy hyyslshjeétimg the one
or more fins to an anneal in an oxidizing ambient at the temperature of 1100 C for 5 hours. 21. A

method fROR iefetis gt alisforeicodehiictdr ale\tleetop ofatising farourgstg linsudgrate with a surface
crystalline layer over the substrate;
17.  The method of claim 16, wherein the PAI and annealing steps may be performed one
after the other at different depths from the top of the surface crystalline layer for 2 or more times

to form multiple levels of EOR defects thereby resulting in twin or multiple defect layered nano-

wires.

18.  The method of claim 16 wherein the PAI does not fully amorphize the entire surface

crystalline layer.

19. The method of claim 16 wherein the substrate may be patterned to form one or more fins

using a hard mask prior to performing a PAI using a soft mask to form EOR defects.

20.  The method of claim 11 wherein oxidation is achieved by subjecting the one or more fins

to an anneal in an oxidizing ambient at the temperature of 1100 °C for 5 hours.

21. A method for fabricating a semiconductor device comprising:

providing a substrate with a surface crystalline layer over the substrate;
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performing a pre-amorphization implant (PAT) on the surface crystalline layer to form an amorphous
silicon layer above the surface crystalline layer, wherein end-of-range (EOR) defects are created at an
interface of the surface crystalline layer and the amorphous silicon layer; annealing the substrate to
recrystallize the amorphous silicon layer; depositing a hard mask layer to selectively expose

portions of the sibRirai@dQ pecremeybilaeiohingpthet exposed theriensaiostal omel gyemer €ofimsan
removing the hard mask layer, wherein the usage of the hard mask allows for a more conformal

sidewall etedvipignangillicon daydizabo\ib eheserficargilintol fgem whereinmed e HaaiFESR) i eets the
EOR defects are transformed into nano-crystals within the core of the nano-wires.
are created at an interface of the surface crystalline layer and the amorphous silicon layer;
annealing the substrate to recrystallize the amorphous silicon layer;
depositing a hard mask layer to selectively expose portions of the substrate to be
removed,;
etching the exposed portions to form one or more fins;
removing the hard mask layer, wherein the usage of the hard mask allows for a more
conformal sidewall etching; and

oxidizing the one or more fins to form one or more nano-wires, wherein the EOR defects

are transformed into nano-crystals within the core of the nano-wires.
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